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Summary
R e s p i r a t i o n  i n  p l a n t s  h a s  b e e n  t h e  s u b j e c t  o f  m a n y
p a p e r s  s i n c e  P a s t e u r t s  e a r l y  w o r k  a t  t h e  e n d  o f  t h e  p r e -
v i o u s  c e n t u r y .  H o w e v e r ,  i t  i s  o n l y  s i n c e  t h e  l a s t  f e w
y e a r s  t h a t  t h e  e f f i c i e n c y  o f  a s s i m i l a t e  u t i l i z a t i o n  i n
g r o w t h  p r o c e s s e s  h a s  b e e n  t h o r o u g h l y  i n v e s t i g a t e d .  T h e
p r e s e n t  r e s e a r c h  w o r k  w a s  c a r r i e d  o u t  t o  g a i n  i n s i g h t  i n t o
t h e  e f f i c i e n c y  o f  r e s p i r a t i o n  ( i n  r o o t s  o f )  h i g h e r  p l a n t s :
h o w  m a n y  a s s i m i l a t e s  a r e  r e s p i r e d  t o  p r o d u c e  e n e r g y  f o r
g r o w t h  ( ' g r o w t h  r e s p i r a t i o n t ) ,  h o w  m a n y  a r e  r e s p i r e d  f o r
m a i n t e n a n c e  p r o c e s s e s  ( r m a i n t e n a n c e  r e s p i r a t i o n t )  a n d  t o
w h a t  e x t e n t  i s  r e s p i r a t i o n  t w a s t e f u l r ?
C h a p t e r  2  d e s c r i b e s  a  m e t h o d  t o  d e t e r m i n e  t g r o w t h  r e s -
p i r a t i o n t  a n d  t h e  r r a t e  o f  m a i n t e n a n c e  r e s p i r a t i o n t .  T h i s
method was used fo r  two Seneczo spec ies .  Both  growth  res-
p i r a t i o n  a n d  t h e  r a t e  o f  m a i n t e n a n c e  r e s p i r a t i o n  a r e  h i g h e r
in  roo ts  o f  Senec i .o  aquat ícus  than in  roo ts  o f  S .  jaco-
baea.  Root  g rowth  resp i ra t ion  o f  5 .  aquqt íeus ,  g ror , rn  in
a n  a e r a t e d  c u l t u r e  s o l u t i o n ,  w a s  h i g h e r  t h a n  t h a t  o f
p lan ts  g ro \^ rn  in  a  cu l tu re  so lu t ion  o f  low oxygen concen-
t r a t  i o n .
In  chapter  3  the  above ment ioned d i f fe rences  in  g rowth
resp i ra t ion  are  fu r ther  ana lyzed.  An rover f low mode l t  i s
p r o p o s e d  t o  e x p l a i n  t h e  d i f f e r e n c e  i n  g r o w t h  r e s p i r a t i o n
b e t w e e n  t h e  t w o  s p e c i e s .  T h e  d i f f e r e n c e  i n  g r o w t h  r e s p i -
ra t ion  o f  S .  aquat icus  gro \ ' ,m under  d i f fe ren t  env i ronmenta l
c o n d i t i o n s  i s  e x p l a i n e d  b y  a  d i f f e r e n c e  i n  t h e  c o n t r i b u t i o n
o f  a  n o n - p h o s p h o r y l a t i v e  e l e c t r o n  t r a n s p o r t  c h a i n  ( ' w a s t e -
f u l  r e s p i r a t i o n r )  t o  r e s p i r a t i o n  u n d e r  t h e  d i f f e r e n t  e x -
p e r i m e n t a l  c o n d i t i o n s .  N o  c o r r e l a t i o n  w a s  o b s e r v e d  b e t w e e n
t h e  d e g r e e  o f  w a s t e f u l  r e s p i r a t i o n  a n d  t h e  f l o o d  t o l e r a n c e
o f  s p e c i e s .
C h a p t e r  4  d e s c r i b e s  i n v e s t i g a t i o n s  o n  t h e  n a t u r e  o f
f l o o d  t o l e r a n c e  i n  s o m e  S e n e c l o  s p e c i e s .  I t  i s  c o n c l u d e d
tha t  oxygen t ranspor t  f rom the  aer ia l  par ts  to  the  roo ts
is  a  p rerequ is i te  to  to le ra te .  a  roo t  env i ronment  o f  a  low
oxygen concent ra t ion .  In  S .  aquat íc? , is ,  metabo l ic  adapta-
t i o n s  a l s o  a p p e a r  t o  b e  o f  s i g n i f i c a n c e .
Chapter  5  descr ibes  exper iments  on  growth  resp i ra t ion
and the  ra te  o f  ma in tenance resp i ra t ion  in  shoots  o f
Senec io  spec ies .  I t  i s  conc luded tha t  the  shoots  o f  these
spec ies  use  less  resp i ra to ry  energy  fo r  g rowth  than the
t 7  |
roo ts  o f  t he  same spec ies .  Th i s  i s  pa r t l y  asc r i bed  to  t he
absence of  an act ive a l ternat ive ox idat ive pathway
( r rn ras te fu l  r esp i ra t i on t )  i n  shoo ts  o f  t hese  spec ies ,  wh i ch
show a h igh act iv i ty  of  th is  pathway in the roots.  In
addition, photosynthetically produced ATP may have con-
t r ibuted to the ef f ic iency of  shoot  growth respi rat ion.
Chapter  6 g ives a survey of  root  growth respi rat ion
and the rate of  mainLenance respi rat ion in  several  Senecio
and Plantago species and a lso a few other  species.  This
survey was made in order  to obta in in format ion on a possi -
b1e  eco log i ca l  s i gn i f i cance  o f  was te fu l  r oo t  resp i ra t i on .
I t  is  concluded that  wastefu l  root  respi rat ion is  not  of
d i rect  advantage to a p lant  in  adaptat ion to i ts  so i l
envi ronment .  The resul ts  ind icate that  wastefu l  root
respi rat ion depends on an imbalance between ut i l izat ion
of  sugars for  synthesis  of  root  mater ia l  wi th t ransport  of
sugars f rom the shoot  to the root .
Chapter  7 g ives a br ief  rev iew of  the b iochemist ry
of  the a l ternat ive pathway ( tcyanide res is tant  respi rat ion '
and the var ious explanat ions for  i ts  physio logical  s ig-
n i f i cance ,  desc r i bed  i n  t he  l i t e ra tu re .  0n  the  bas i s  o f
resul ts  f rom the present  s tudy,  i t  is  concluded that  the
al ternat ive chain in  roots of  h igher  p lants is  s igni f icant
in  ox idat ion of  the sugars that  are imported to the roots
and that can not be used for energy production, structural
growth and storage.  In some t issues the a l ternat ive chain
may be s igni f icant  in  heat  product ion,  ethy lene b iosynthe-
s i s ,  e t c .
Chapter  8 descr ibes exper iments that  were done to ob-
ta in in format ion on the regulat ion of  root  growth by l ight
in tensi ty .  I t  is  concluded to be unl ike ly  that  l ight
regulates the root  growth rate of  PLantago LanceoLata
ar;rd Zea mays vía its effect on photosynthesis. However, an
al ternat ive explanaÈion is  not  g iven,  a l though i t  is  ex-
c luded that  l ight  regulates the rate of  dry mat ter  accu-
mu la t i on  o f  t he  roo ts  v i a  i t s  e f f ec t  on  t ransp i ra t i on  and
i ts  subsequent  ef fect  on the removal  of  inh ib i tors,  pro-
duced local ly ,  o f  la tera l  root  gror^/ th.  L ight  in tensi ty ,
however,  aDpears to af fect  root  morphology v ia i ts  ef fect
on the rate of  t ranspi rat ion.
In chapter  9 the present  resul ts  are d iscussed in re-
la t ion to data f rom the l i terature and a survey is  g iven
on the ef fects of  several  envi ronmental  condi t ions on
growth and energy metabol ism in roots of  h igher ,p lants.
In chapter  l0  some aspects of  the regulat ion of  growth
rate and shoot  to root  rat io  in  h igher  p lants are d is-
cussed .
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